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theory, an expansion formula is obtaIned for the current-current
corre lation function. The conduct ivlty tensor is calculated as the
FourIer-Laplace transform of the current-current correlation functlon to
give the absorption spectrum.
The absorption spectra are numerically calculated for two- and
three-dimensIonal electron systems withIn the second order
approxlmatlon of the Impurity potential. The relating potentlalls assumed
to be Gaussian. Since in existing works numerical calculations for the
expl1ctt form of absorptIon spectrum have been performed 50 rarely, our
calculations are considered to be important.
Our method has a quite satisfactory feature: a direct calculation of the
corre lation function can be performed without the use of the regression
theorem. Furthermore owing to this method the average over random
configurations of the Impuritles can be performed rigorously. In this
thesis our consideration Is restricted to the second order of the
perturbation. However 1t may be possIble to renormal1ze higher order
terms with a resummatlon technIque like CPA, since higher order terms
can be calculated systematically.
2. DNA=:m Git Iv c7kflJ7k
-fEJ~jJJ~7? /~ISL-
Abstract
Recently it has been of great Interest to study the dynamical
properties of the molecular assembly of DNA double helix In connection
with the hydrated water, because the hydrated water around DNA affects
strongly not only the local conformation of the double helix but also the
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global assoclatlon of the molecular assembly. Although numerous
Investtgattons on DNA have been carried out In the dl lute so lutton, there.
has been only few Investlgatlon In the condensed state. The effect of the
hydrated water to the dynamical structure of DNA double helix plays an
Important role on biological function and It appears more drasttcally In
the condensed state than In the dilute solution.
The purpose of, the present work Is to clarify the dynamical
properties of the hydrated water of the condensed DNA by means of the
low frequency Raman spectroscopy. During the meItIng process of DNA
double helix in the condensed state, it Is expected that the relaxation time
of the hydrated water (the primary hydration shell) changes by order of
magnitude. In this case the low frequency Raman spectra can be strongly
affected not only by the collective vibration of the double helix but also by
the relaxational motion of the hydrated water.
In condensed DNA double helix there exist two kinds of collective
vibrational modes in the low frequency Raman spectral region. One is the
broad band (30"'1 OOcm-1) which gradually tums Into the central
component during the melttng process of the double helix both In the dilute
solution and In the condensed state. The other Is the sharp mode (S-mode)
at '" 16 cm- 1 In B-DNA rIber and at "'22cm- 1 In A-DNA solid at room
temperature. This S-mode exists only In the condensed state and
disappears when the periodic arrangement of the double hel Ix vanishes.
Samples used here are Calf-thymus DNA from HtJes cooperatton.
Three kinds of specimen were prepared In order to reveal the dynamics of
the hydrated water. One Is the B-DNA gel which Includes both the primary
hydration shell and the secondary hydraUon shell, the second Is the A-DNA
solid which Includes only the primary hydration shell, and the third Is the
dry-DNA which Includes no hydrated water. The temperature dependence
(-140oc... 1200c) of the low frequency Raman spectra ( 150cm-1 or
1200cm-1) was obtained as well as the high frequency Raman spectra
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(700cm-1 -950cm-1) which show the local conformation of the DNA
molecule.
The coupled mode analysis has been carried out on the S-mode
spectra between the collective Vibrational mode of the DNA double helix
and the relaxational mode of the hydrated water. The following results
have been obtained.
(1) In the B-DNA gel the relaxation time of the secondary hydration shell
'2 drastically decreases (becomes fast) with Increasing temperature
around -20°c. This causes the drastic change of the S-mode spectra from
the oscillatory type to the re laxatlonal type. The re laxat10n t1me of the
primary hydration shell 'I monotonically decreases with Increasing
temperature from -40°c to 100°c where the double helix 1s melted out. It
is noticed that the value of 'I at 100°c 1s "-'6 xl 0-12S which is the same
value of the relaxatlon time of the bulk water at OOc.
(2) Inthe A-DNA sol1d the relaxation time of the primary hydration shell
'1 monotonically decreases wHh 1ncreaslng temperature from -40°c to
100°c where the double helix Is melted out.. This temperature dependence
of '11s very similar to that of the B-DNA gel. It 1s worth noting that
although the spectral feature of the S-mode 1s completely d1fferent
between the B-DNA gel and the A-DNA solid, the relaxation time of the
primary hydration shell obeys simtlar temperature dependence up to the
melting temperature.
(3) In the dry-DNA, the melting of the double helix has never occurred until
120°c. Neither the low frequency spectra nor the high frequency spectra
change in whole temperature region (-140°c "'120°c). This means that the
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existence of the hydrated water, especially the primary hydration shell, Is
Indispensable to the melt1ng of the double helix.
(4) It has been, reconfirmed that the S-mode appears only when the
perIodic arrangements of the double hel1x exist. In connect1on with this
result It has been found that in the dry-DNA there exists no S-mode. The
low frequency response at ""30cm-1 Is assigned to the broad band.
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